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[57) ABSTRACT

An automatic xerographic set up and monitoring pro-
cess for a multi-mode electrostatographic machine in
which a corona charge intercept value 1s obtained and
used to optimally set corona charging levels for differ-
ent modes, optimum flash exposure levels obtained, ID.
lamp intensity correlated with flash exposure levels, and
xerographic process parameters set for each different
mode.

3 Claims, 26 Drawing Sheets




US. Patent  sep. 3, 1991 Sheet 10£26 5,045,882

FIG. 1




Sheet 2 of 26 5,045,882

Sep. 3, 1991

U.S. Patent




U.S. Patent Sep. 3, 1991 Sheet 3 of 26 5,045,882

117
115 12
; 119
116
125
131 134
I
; \
|
“-BOOT ROM
 FINISHER
ION MARKING
INPUEEEEQT 1 IMAGING CORE HANDLING BINDPEVTI BCORE
PWB PWBE CORE PWB
140 140 140 140
1138 138 | 138 '
170 170 /O PWE
PWB PWB PWE
| 138
110 /0 /0
PWB PWB PWe
138
P -~ - o~
A
1/ 0
| /0 | / 0

FIG. 3



Sheet 4 of 26 5,045,882

Sep. 3, 1991

U.S. Patent

9# INOZ 4130 ONIAVIY AST 3OVHIAY IHL WOYHL v# INOZ 41 40 ONIQVIH
AS3 IDVHIAVY FHL ONILOVHLSENS AG 9# INOZ Al HO4 135440 AS3 FHL ILVINDIVD

Z# INOZ A1 40 ONIAVIY AST IOVHIAY FJHL WOHL v# INOZ Al 40 ONIAV3IY
AST JOVHIAY IHL ONILDOVYLISENS A8 Z# INOZ A1 H0O4 135440 AST IHL ILVYINDTIVD

"INFWAO1IANIQ OL HOIHMd STHDOLVd JHL ISVHI OL HIdHO

NI 3JAOW LNdLNO HOIH FJHL NI NO QIHDLIMS SIHOLVYYINIO HOLVYd 3HL 'dOId3d
INIWNIYNSVIIN SIHL ONIMNG 310N "INOZ IVNAINIANI HOVI 404 ONIQV iy

AST IOVYHIAY FHL ILVINDTIVD (I ANV 'V Nv INOZ Al AIHYIGWNN NIAT AYIAT NI
ONIQV3IY ASI NV IAVL ANV HOLVd V 31V3IHD ‘QO1Y3d SIHL 9NIENA SNOILNTOAIY
17138 4d € 404 31DAD AVIA 'SLT0OA 40 SYIE QT1IIHS Z IDUVHD TVILINI NV HLIM

o1 b .OI

(t# | ;| o# s# || v# E# Z# L #
1ovwWI| K [3ovin|  [3ovwi| §[3ovwi|  [3ovwi| & [3ovwi|  [3ovwi 1

L1 | oLl



U.S. Patent Sep. 3, 1991 Sheet 5 of 26 9,045,882

MEASURE THE ESV
MONITOR VOLTAGE
FOR AN UNCHARGED
- PRBELT

AFTER THE STARTBUTTON IS
PRESSED, BEFORE SWITCHING ON
THE CHARGE DICOROTRONS, TAKE
MEASUREMENTS OF THE ESV
MONITOR VOLTAGE. THE LOWEST

OF THE MEASUREMENTS IS
DEFINED AS THE ESV MONITOR

MEASURE THE VOLTAGE WITH NO CHARGE ON
REFLECTANCE OF A THE PR BELT
CLEAN PATCH FOR DSS

CALIBRATION

ADJUST THE AC
CORONODE VOLTAGE
- ACV SETPOINT

DECLARE
FAULT

" MEASUREMENT
COMPLETE. DURING
NORMAL RUN, SUBSTRACT
THIS VOLTAGE FROM THE

CHARGED BELT ESV

- MEASURE THE CHARGE VOLTAGE
IN THE THREE ID ZONES (2,4, AND
6). AND CALCULATE THE ESV
OFFSETS FOR
ID ZONE 2 AND ID ZONE 6

MONITORSIGNAL TO
DETERMINE THE ESV

READING.
MEASURE THE CHARGE VOLTAGE '
IN THE THREE ID ZONES (2.4, AND [ PrOCEED TO DSS
6). AND CALCULATE THE ESV CALIBRATION
~ OFFSETS FOR
ID ZONE 2 AND ID ZONE 6

MEASURE THE DARK DECAY FOR

TWO VALUES OF CHARGE
VOLTAGE. THE HICHARGE DARK
DECAY AND LO CHARGE DARK
DECAY ARE USED TO CALCULATE A
DARK DECAY INTERCEPT
PARAMETER THAT IS USED IN THE
CHARGE CALCULATION. WHEN
THIS IS COMPLETE, THE CHARGE IS

' SET.

FIG. 5
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RUN 3 BELT REVOLUTIONS IN DEAD
CYCLE MODE (ENSURES PRBELTIS
CLEAN), THEN WAIT

ENERGIZE THE DSS CALIBRATION
SIGNAL AND MEASURE THE
REFLECTANCE OF THE CLEAN
PATCH. DSS ADJUSTS INTERNAL
GAIN TO PRODUCE VvDC OUTPUT.
DISPLAY THE READING AS CURRENT
READING OF DENSITY SAMPLE

NO

THIS
WAS THE THIRD
ATTEMPT _

YES
YES

| | DECLARE
DSS CALIBRATION 1S FAULT
COMPLETE. PROCEED |

FIG. 7
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SET THE CHARGE 2 SHIELD BIAS TO
AN INITIAL VOLTS. WAIT 1 PR
BELT REVOLUTION, THEN TAKE 8
READINGS OF THE CHARGE 1
SHIELD CURRENT AND THE
CHARGE 1 SHIELD BIAS.
CALCULATE THE AVERAGE FOR
EACH PARAMETER.

CALCULATE THE CHARGE RATIO
BY DIVIDING THE AVERAGE

CHARGE 1 SHIELD CURRENT BY
THE AVERAGE CHARGE 1 SHIELD -
BIAS.

THE
"CHARGE RATIO IS
WITHIN SPECIFICATION
OF THE MVM
DEFINED

VALUE ~

NO

ChANGE THE AC CORONODE
VES VOLTAGE SETPOINTBY A VALUE
OF 4 IN THE REQUIRED DIRECTION

VALUE OF THE
AVCSETPOINT IS
WITHIN THE RANGE OF
THE TARGET
READING

YES

NO

SETTHE ACV SETPOINT AT THE
UPPER OR THE LOWER LIMIT AS
REQUIRED. LOG FAULT CODE
FOR FUTURE SERVICE.

DO NOTSHUT DOWN.

THE ACV SETPOINT ADJUSTMENT
| 1SCOMPLETE. PROCEED TO THE
ESV OFFSET MEASUREMENT.
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SUBTRACT THE AVERAGE ESV READING
OF ID ZONE #4 OBTAINED IN THE ESV
OFFSET MEASUREMENT FROM THE

INITIAL CHARGE 2 SHIELD BIAS
DEFINE THIS AS THE
HI CHARGE DARK DECAY

LOWER THE CHARGE 2 SHIELD BIAS BY
A DECIMAL VALUE OF 64. TAKE THE
AVERAGE OF 3 ESV READINGS IN
ID ZONE #4, THEN SUBTRACT THIS
AVERAGE FROM THE CHARGE 2 SHIELD
BIAS. DEFINE THIS AS THE
LO CHARGE DARK DECAY.

COMPUTE THE SLOPE OF THIS DARK
DECAY CURVE, AND COMPUTE THE
DARK DECAY INTERCEPT.

THE -
VALUE OF THE
DARK DECAY
INTERCEPT IS GREATER
THAN 35
DECIMAL

CALCULATIONS COMPLETE

FIG. 11A

DECLARE |
FAULT
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SELECT CHARGE
2 SHIELD BIAS

COMPARE CHARGE 2

‘ SELECT NEW
SHIELD BIAS WITH EHEARGE 2
DARK DECAY SHIELD BIAS

INTERCEPT

FIG. 11B

OPTIMUM
PR CHARGE
LEVEL ?

S CHARGE
2 SHIELD BIAS
= MAX ?

GET CHARGE 2
SHIELD BIAS
GET CHARGE 1 -
SHIELD BIAS END

DISPLAY PR
- END OF LIFE
MESSAGE

NO

1 SHIELD BIAS
= VCHARGE
SHARE ?

END

Yes

FIG. 11C
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MOVE THE OPTICS TO THE 65%
MAGNIFICATION POSITION. DISABLE

THE MAIN EXPOSURE FLASH AND THE
CHARGE DICOROTRONS. ENTER
DEADCYCLE MODE.

TAKE 5 PREFLASH READINGS AND
DISPLAY AS CAVITY READING
CALCULATE THE AVERAGE
CAVITY READING

ALLS

READINGS ARE

WITHIN 10% OF

THE AVERAGE
?

DECLARE
FAULT

USE THE AVERAGE READING INORDERTO
CALCULATE THE PREFLASH PRESET FOR

MINIMUM EXPOSURE AT THIS

REDUCTION / ENLARGEMENT

REPEAT THE MEASUREMENTS FOR THE
FOLLOWING REDUCTION/ENLARGEMENT:
75%,85%, 95%, 100%, 105%, 115%,
125%, 135%, 145% AND 155%

FIG. 12A
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DO PRE PRINT

START PRINT

FIG. 12B
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FLASH LAMP
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CHANGED NO

ADJUST 1D
LAMP POWER
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SET AND KEEP THE CHARGE 2
SHIELD BIAS AT VOLTS (OPEN
LOOP). SET THE EXPOSURE
SETPOINT. SET THE ID LAMP
SETPOINT TO ITS CURRENT VALUE
(IDNOMINAL IN NVM)

CALCULATE THE AVERAGE OF 7 ESV
READINGS IN ID 1,3,5 (BACKGROUND
VOLTAGE DISCHARGED BY ID LAMP)
AND IMAGE FRAME AREA 2

(BACKGROUND VOLTAGE
DISCHARGED BY THE OPTICS FLASH).

SUBTRACT THE AVERAGE OF AREA
2 FROM THE AVERAGE OF ID 1,3,5.

ADJUST THE ID LAMP
SETUP FACTOR AND
RECALCULATE THE
1D LAMP SETPOINT

NO

THE

THIS IS
DIFII;EEE1NCE No THE 10TH
DECIMAL AWI;MPT
Yes ‘ Yes

CALCULATE THE FOLLOWING:
' 1D SETUP FACTOR (NVM)
1D NOMINAL (NVM)

1D TCSETUP MODE (NVM)

FAILURE TOSETID
LAMP. DECLARE
FAULT

ID LAMP INTENSITY IS NOW
CALIBRATED TO THE OPTICS FLASH.
REPEAT ESV OFFSET AND DARK
DECAY MEASUREMENTS OF THE
INITIALIZATION, THEN PROCEED TO
STANDARD MODE SETUP.
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WITH THE CURRENT VALUES OF
CHARGE 2 SHIELD BIAS AND THE
AGE FACTOR, SET THE EXPOSURE

SETPOINT AT 120 AND CALCULATE
THE FLASH REFERENCE.

WHILE MAKING COPIES, TAKE 7 ESV

AREA 3 (1.2 DENSITY), AND AREA 4
(0.35 DENSITY). CALCULATE THE
- AVERAGE VOLTAGE FOR EACH
PARAMETER, THEN COMPARE THE
VOLTAGES FOR NORMAL RESPONSE.

THE AVERAGE OF AREA
31S AT LEAST 10 HIGHER
THAN THE AVERAGE OF
AREA 4, AND, THE AVG OF
AREA 4 1S AT LEAST 4
HIGHER THAN THE
AVERAGE OF AREA 2

No

Yes

THE HIGH CONTRAST

1S VHe-STD AND
THE LOW CONTRAST
ISV c-STD

Yes

NO

CALCULATE DEVELOPER BIAS FOR
STANDARD MODE: ROLLS 1 AND
2= AREA 2V (BACKGROUND)
+ Ve STD (34,36) ROLL 3=AREA
2V + Ve STD (38)

MAINTAIN THE CHARGE 2 SHIELD
BIAS AND THE AGE FACTOR. ENTER
THE DEAD CYCLE MODE AND
CALCULATE THE AVERAGE OF 6 ESV
PATCH READINGS. USING THIS
AVERAGE ESV READING,
CALCULATE THE DARK DECAY,
THEN CALCULATE THE DARK
DUSTING TARGET VOLTAGE FOR
THESE CONTRAST SPECIFICATIONS.

READINGS OF AREA 2 (BACKGROUND),

ABNORMAL
RESPONSE

Sheet 18 of 26 5,045,882

FLASE ESPOSURE
INSUFFICIENT.

DECLARE FAULT

Yes

THE
FLASH
REFERENCE IS
> ?7.04

BASED ON THE
ERRORS, CALCULATE A
NEW CHARGE 2
SHIELD BAIS AND A
NEW AGE FACTOR.
RECALCULATE THE
FLASH REFERENCE.

DECLARE
FAULT

THIS WAS
THE TENTH
ATTEMPT

No

Yes

FALURE TO
CONVERGE THE
CONTRAST.
DECLARE FAULT

FIG. 19

THE DARK
DUSTING TARGET
1  VMINUS THE
LAST AVERAGE ESV
READING OF AREA
315 < 32

NO

EXCESSIVE
ves STRAY LIGHT.

DECLARE FAULT

PROCEED TO THE
HALFTONE MODE

' SETUP
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SUBTRACT VOLTS FROM THE DARK DUSTING TARGET
CALCULATED AT THE END OF THE STANDARD MODE. USE THIS

TO CALCULATE AN INITIAL CHANGE 2 SHIELD BIAS TO START
THE HALFTONE MODE. SET THE EXPOSURE SETPOINT TO 90

AND WITH THE FINAL AGE FACTOR FROM THE STANDARD
MODE SETUP, CALCULATE AN INITIAL FINAL REFERENCE.

WHILE MAKING COPIES, TAKE 7 ESV
READINGS OF AREA 2
(BACKGROUND), AREA 3 (1.2
DENSITY), AREA 4 (0.35 DENSITY).
CALCULATE THE AVERAGE
VOLTAGE FOR EACH PARAMETER.

BASED ON THE ERRORS,
CALCULATE ANEW CHARGE 2
SHIELD BAIS AND A NEW EXPOSURE
SETPOINT, RECALCULATE THE
FLASH REFERENCE.

THE HIGH CONTRAST
IS VHe.HT AND
THE LOW CONTRAST

IS Vic-HT
Yes Yes

HIS WAS
THE TENTH
ATTEMPT

No

No

MAINTAIN THE CHARGE 2 SHIELD BIAS AND THE
EXPOSURE SETPOINT. ENTER THE DEAD CYCLE
MODE AND CALCULATE THE AVERAGE OF 6 ESV
PATCH READINGS. USING THIS AVERAGE ESV
READING, CALCULATE THE DARK DECAY, THEN

CALCULATE THE DARK DECAY TARGET VOLTAGE
' FOR THESE CONTRAST SPECIFICATIONS.

Falure to
converge the

Contrast.
Declare Fault

CALCULATE THE FOLLOWING:

HALFTONE MODE BIAS, ROLLS 1 AND 2 = AREA 2V
(BACKGROUND) +VcHiT(34,36)

HALFTONE MODE BIAS, ROLL 3=AREA 2V + V1T (38)
| VDDPINC =2 X [VDDP(STANDARD) -

VDDP(HALFTONE)]. VDDPLOW =VDDP (STANDARD) -
VDDPINC.

EXPINC=2 X [120- EXPSETPOINT(HALFTONE)].
EXPLOW =120- EXPINC. |

THE CHARGE AND THE FLASH OFFSETS FOR THE
STANDARD AND THE HALFTONE MODES ALL EQUAL

128.
PROCEED TO
NEXT MODE

FIG. 20
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DISPLAY FLASH. ENABLE PAPER FEED. RUN COPIES USING THE
ID LAMP TO CREATE A SMALL DARK VERTICAL BAND DOWN
THE CENTER OF THE COPY. AVERAGE 7 ESV READINGS OF THE
BACKGROUND AREA (CLEAN) AND 7 ESV READINGS OF THE

DARK BAND (CHARGED). SUBTRACT THE TWO AVERAGES TO
DETERMINE THE CONTRAST.

CHANGE THE

" THE CHANGE 2
CONTRAST I3 BLEREN SHIELD BIAS IN
2P N\ATTEMP THE REQUIRED

DIRECTION.

es Y es

FAILURE TO SET TONER
CONCENTRATION.
DECLARE FAULT

KEEP THE CHARGE 2 SHIELD BIAS
CONSTANT. SETROLL 1 AND 2
DEVELOPER BIAS TO Ve (34,36)
ABOVE THE BACKGROUND VOLTAGE.
SET THE ROLL 3 BIAS Vcy1c (38) ABOVE
BACKGOUND VOLTAGE.

ENTER HERE WHEN
REFERENCED FROM
THE DSS AVERAGE

TAKE 14 CONTRAST MEASUREMENTS AS
DISCRIBED ABOVE, AND 14 CORRESPONDING DSS

READINGS OF THE DEVELOPED DARK BAND. EVALUATION
ROUTINE.
DISCARD THE HIGHEST AND LOWEST DSS READINGS,
AND ANY DSS READING FOR WHICH THE

CORRESPONDING CONTRAST MEASUREMENT WAS

NOT WITHIN X VOLTS OF THE CONTRAST TARGET

THERE ARE AT ' FAILURE TO SET TONER
7 DSS REEADH\LIE%ST No CONCENTRATION.
REMAINING ? DECLARE FAULT

CALCULATE THE AVERAGE OF THE REMAINING DSS
READINGS. IF LARGE BANDS ARE BEING PRODUCED,
SUBTRACT 3 FROM THE AVERAGE AS A CORRECTION FACTOR.

CALCULATE THE AVERAGE OF ALL 14 CONTRAST READINGS.

ENTER A 1 BELT REVOLUTION DEADCYCLE AND UPDATE THE
CHARGE: {F CONTRAST AVERAGE 1S 400+ /- 6 VOLTS, DO NOT
CHANGE THE CHARGE 2 SHIELD BIAS. IF AVERAGE IS NOT IN

SPECIFICATION, CHANGE THE SHIELD BIASBY 6 VOLTS AS
REQUIRED.

PROCEED TO DSS
AVERAGE
EVALUATION
ROUTINE.

FIG. 25
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LARGE
BANDS AREINO [ AR ALE o] NO
PRODUCED > T+2
Yes
DETONE THE
THE DSS MACHINE.
AVERAGE IS SWITCH OFF
> T+5 THE TONER
Tor MOTOR, AND
PRODUCE
LARGE BANDS
RECALIBRATE ON THE COPY.
POSITIVE

TONE UP. SWITCH ON
THE TONER MOTOR AT
100% DUTY CYCLE
AND PRODUCE SMALL
BANDS ON THE COPY.
THE SIGN IS NEGATIVE.

THE DSS
AVERAGE 15 23 THE sigN 15 |Ne
>T POSITIVE

No Yes

ves ("THEDSs ) Yes [ SECOND

| es s

THE SIGN IS AVERAGE IS CONSECUTIVE
POSITIVE > T+5 AVERAGE

No No

=T-1
NO Yes

SETUP
COMPLETE

TONE UP. SWITCH ON
THE TONER MOTOR AT
75% DUTY CYCLE AND
PRODUCE SMALL
BANDS ON THE COPY.
THE SIGN IS NEGATIVE.

DSS

AVERAGE
1S >T-3. '

DETONE THE
MACHINE. SWITCH

OFF THE TONER
MOTOR AND
PRODUCE SMALL

' BANDS ON THE COPY.
FIG. 26 | THE SIGN IS POSITIVE.
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RUN THE MACHINE IN THE STANDARD MODE. CALCULATE AN EXPOSURE
SETPOINT FOR COPY LINES =5 AND CALCULATE A DARK DUSTING
TARG ET FOR COPY SOLIDS=11. START WITH PATCH GENERATOR

| INTENSITY AT PRESENT LEVEL.

DISABLE OPTICS FLASH, FEED PAPER IN THE PATCH PRINT MODE, SET THE
TONER MOTOR DUTY CYCLE AND CREATE A PATCH IN ID ZONES 2,4, AND
6 ON EVERY PR BELT REVOLUTION

USING ESV READINGS FROM ID ZONE #4, CHANGE THE CHARGE 2 SHIELD
BIAS UNTIL THE DARK DUSTING VOLTAGE IS WITHIN X VOLTS OF THE |
TARGET.

No FAILURE TO CONVERGE
CHARGE. DECLARE
FAULT

KEEP THE CHARGE 2 BIAS CONSTANT. TAKE ESV
AND DSS READINGS FROM EACH PATCH. CORRECT
THE DSS READING FOR ESV READING VARIATIONS.
AFTER 12 READINGS (4 PRBELT REVOLUTIONS),
DISCARD THE HIGHEST AND THE LOWEST DSS
READINGS, THEN CALCULATE THE AVERAGE OF THE
REMAINING 10.

CHANGE THE
TR Y T L]
ST NTH ATTEMPT SETPOINT.

FAILURE TOSET
PATCH GENERATOR.
- DECLARE FAULT.

CALCULATE THE PATCH

THIS IS THE FIRST Y No GENERATOR INCREMENT (NVM).
e AHROUGH SETUP 1S COMPLETE. ENABLE
' FULL CLOSED LOOP
Yes

CALCULATE THE COPY MODE TO
COPY LINES=11 AND COPY
SOLIDS=3. CALCULATE A NEW
EXPOSURE SETPOINT AND A NEW
DARK DUSTING TATGET.
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1

XEROGRAPHIC SETUP AND OPERATING
SYSTEM FOR ELECTROSTATOGRAPHIC
' REPRODUCTION MACHINES

This is a division of application Ser. No. 07/344,774,
filed Apr. 27, 1989.

The invention relates to electrostatographlc repro-
duction machines, and more particularly, to a xero-
graphic setup and operating system for such machines.

In some electrostatographic based copiers and print-
ers, it is critical that the xerographic process practiced
by the machine operate within the machine design pa-
rameters if the copy quality for which the machine is
designed is to be achieved and maintained through the
machine life. Previous machines have typically em-
ployed a converging electrostatic contrast target for
setup which can lead to errors and large vanations 1n
tone reproduction curves, both within the individual
machine and from machine to machine.

Further, xerographic setup in order to provide cor-
rect machine operation needs particularly to account
for photoreceptor dark decay, exposure lamp aging,
sensor offset voltages, exposure levels, etc.

In the prior art, U.S. Pat. Nos. 4,334,767 to Lehman
and 4,272,188 to Lehman et al disclose an automatic
exposure system for a copying machines having flash
exposure in which energy to the flash lamps 1s con-
trolled by quenching in response to document image
conditions. U.S. Pat. No. Re. 32,253 to Bartulis et al
discloses a copier/duplicator with combination touch-
screen and keyboard controller. U.S. Pat. No. 3,752,917
and U.S. Pat. No. Re. 31,773 disclose a cathode ray tube
with strip chart display format, while U.S. Pat. No.
4,467,323 to Kling et al discloses an engine analyzer
employing a CRT which displays in simulation an ana-
log meter.

In contrast, the present invention provides an auto-
matic xerographic set up process in which various Xero-
graphic processing parameters such as charging, expo-
sure, toner concentration and the like are set up and
tailored for each of the different copy modes of which
the machine is capable of operating.

More specifically, the present invention provides a
process for setting the charge corotron shield bias volt-
age while taking into account the dark decay tendency
of the photoreceptor in an electrostatographic machine,
comprising the steps of: adjusting the corotron charge
shield bias to a preset bias setting; adjusting exposure to
a preset exposure setting; taking voltage readings of
preset light, dark, and medium density patches on the
photoreceptor; obtaining a high contrast voltage by
differencing the voltage readings from the dark and
llght patches; obtaining a low contrast voltage by differ-
encing the voltage readings from the medium and light
patches; comparing the high contrast voltage with a
predetermined reference voltage; comparing the low
contrast voltage with a predetermined reference volt-
age; where the high and low contrast voltageés are sub-
stantially equal to the reference voltages, retaining the
~ charge shield bias and exposure setting; determining the
developer bias for the developer rolls; and determining
the dark discharge target setpoint at the developer
housing.
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DETAILED DESCRIPTION OF THE
DRAWINGS

For a better understanding of the present invention,
reference may be had to the accompanying drawings In
which: |

FIG. 1 is an isometric view of an illustrative repro-
duction machine of the type adapted to use the present
invention;

FIG. 2 is-a schematic elevational view depicting vari-
ous operating components and sub-systems of the ma-
chine shown in FIG. 1;

FIG. 3 is a more detailed block diagram depicting the
machine Operating System Printed Wiring Boards and
shared line connections together with the machine
memory and floppy disk port; |

FIG. 4 is a schematic view showing develfapment
patches on the photoreceptor belt for use in measuring
ESV oftfset;

FIG. 5is a flow chart illustrating the initialization and
power up sequence;

FIG. 6 i1s a flow chart Illustratlng the ESV momtor
voltage measuring routine;

FIG. 7 is a flow chart of the densitometer (DSS)
calibration routine;

FIG. 8 is a flow chart of the AC coronode voltage
adjusting routine;

FIG. 9 is a flow chart of the ESV offset routine; _

FIG. 10 is a graph depicting photoreceptor dark
decay;

FIG. 11q is a flow chart of the photoreceptor dark
decay intercept measurement routine;

FIG. 115 is a flow chart of the coronode shield bias-
ing routine using the photoreceptor dark decay inter-
cept during normal machine operation;

FIG. 11c is a flow chart depicting the charge sharing
routine;

FI1G. 12a is a flow chart of the preflash setup routine;

FIG. 126 is a flow chart depicting the flash lamp
adjusting routine during printing;

FIG. 12¢ is a flow chart depicting the illumination
intensity adjustment for the ID lamp;

FI1G. 13 is a schematic view depicting contrast volt-
age areas on the photoreceptor belt following exposure
to a test pattern;

FIG. 14 is a flow chart of the ID lamp setup routine;

FIG. 15 is a graph of the photoreceptor belt dis-
charge curve;

FIG. 16 is a graph depicting photoreceptor belt dis-
charge versus exposure density;

FIG. 17 are graphical representations of typical copy
lines and copy solids scales;

FIG. 18 is a graphical representation of copy lines
and copy solids scans following completion of the stan-
dard mode setup;

FIG. 19 is a flow chart of the standard mode setup
operation;

FIG. 20 is a flow chart of the halftone mode setup
operation;

FIG. 21 is a graphical representation of copy lines
and copy solids scales after halftone mode setup;

FIG. 22 is a graphical representation of toner concen-
tration versus background and defects;

FIG. 23 is a graphical representation of the toner
concentration setup sequence;

FIG. 24 ts a schematic view showing narrow and
wide banded images obtained during the toner concen-
tration setup sequence;
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FIG. 25 is a flow chart of the toner concentration
setup routine;

FIG. 26 i1s a flow charge of the densitiometer (DSS)
average analysis routine;

FIG. 27 is a flow chart of the patch generator setup
operation; and |

FIG. 28 is a graphical representation of the patch
generator reference voltage.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

For a general understanding of the features of the
present invention, reference is made to the drawings. In
the drawings, like reference numerals have been used
throughout to identify identical elements. Referring to
FIGS. 1 and 2, there is shown & multi-copy mode elec-
trophotographic reproduction machine § composed of a
plurality of programmable components and sub-systems
which cooperate to carry out the copying or printing

10

15

job programmed through a touch dialogue screen 12 of 20

a User Interface (U.I.) 11. |

Referring to FIGS. 1 and 2 of the drawings, the elec-
trophotographic printing machine employs a photocon-
ductive belt 10. Belt 10 moves in the direction of the
solid line arrow to advance successive portions sequen-
tially through the various processing stations disposed
about the path of movement thereof. Belt 10 is entrained
about stripping roller 14, tensioning roller 16, idler rol-
ler 18, and drive roller 20. Stripping roller 14 and idler
roller 18 are mounted rotatably so as to rotate with belt
10. Tensioning roller 16 is resiliently urged against belt
10 to maintain belt 10 under the desired tension. Drive
roller 20 1s rotated by a motor coupled thereto by suit-
able means such as a belt drive. As roller 20 rotates, it
~ advances belt 10 i1n the direction of arrow 12.

Initially, a portion of the photoconductive surface
passes through charging station A. At charging station
A, two corona generating corotrons such as dicoro-
trons, 22 and 24 charge the photoconductive belt 10 to
a relatively high, substantially uniform potential.
Dicorotrons 22, 24 (and 40, 42, and 90) each have a
coronode 21 and shield 23. Dicorotron 22 places all of
the required charge on photoconductive belt 10.
Dicorotron 24 normally acts as a leveling device, and
fills in any areas missed by dicorotron 22.

Next, the charged portion of the photoconductive
surface is advanced through imaging station B. At imag-
Ing station B, an optics cavity 27 has a transparent
platen 28 on which documents 25 to be copied or
printed are positioned. A document handling unit 26 is
positioned over platen 28 to sequentially feed docu-

ments 25 from a stack of documents onto platen 28.

After imaging, the original document is returned from
platen 28 to the document stack. Flash lamps 30 in
cavity 27 on each of platen 28 illuminate the document.
Light rays reflected from the document are transmitted
through suitable optics, shown here as lens 32 in the
bottom of optics cavity 27. Lens 32 focuses the light
images onto the charged photoconductive belt 10 to
selectively dissipate the charge thereon. This records an
electrostatic latent image on the photoconductive belt
which corresponds to the informational areas contained
within the original document. Thereafter, belt 10 ad-
'vances the electrostatic latent image recorded thereon
to development station C.

A small preflash lamp 29 1s disposed adjacent the
bottom of optics cavity 27 to expose platen 28 and the
document 23 resting thereon prior to exposure by flash
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lamps 30. A suitable photosensor 31 senses the intensity
of the light reflected from platen 28 and the document
thereon, the control signal output of sensor 31 being
used to adjust the charge voltage on the driving capaci-
tors 35 of flash lamps 30 in accordance with the current
image conditions as will appear.

Development station C includes a developer housing
33 with three magnetic brush developer rolls, indicated
generally by the reference numerals 34, 36 and 38. A
paddle wheel picks up developer material and delivers
it to the developer rolls. When developer material
reaches rolls 34 and 36, it 1s magnetically split between
the rolls with half the developer material being deliv-
ered to each roll. Developer roll 38 is a cleanup roll.
The latent image attracts toner particles from the car-
rier granules of the developer material to form a tone
powder image on the photoconductive surface of belt
10. Belt 10 then advances the toner powder image to
transfer station D. To replenish toner, a toner supply 74
with toner dispenser 75 is provided. Dispenser 75 is
driven by toner dispenser motor 76.

At transfer station D, a copy sheet 67 is moved into
contact with the toner powder image. First, photocon-
ductive belt 10 is exposed to pretransfer light (not
shown) to reduce the attraction between photoconduc-
tive belt 10 and the toner powder image. Next, a dicoro-
tron 40 charges the copy sheet to the proper magnitude
and polarity so that the copy sheet 67 is tacked to photo-
conductive belt 10 and the toner powder image at-
tracted from the photoconductive belt to the copy
sheet. After transfer, corona generator 42 charges the
copy sheet to the opposite polarity to detack the copy
sheet from belt 10. Conveyor 44 advances the copy
sheet to fusing station E.

Fusing station E includes a fuser assembly, indicated
generally by the reference numeral 46 which perma-
nently affixes the transferred toner powder image to the
copy sheet. Preferably, fuser assembly 46 includes a
heated fuser roller 48 and a pressure roller 50 with the
powder image on the copy sheet contacting fuser roller
48. The pressure roller is cammed against the fuser
roller to provide the necessary pressure to fix the toner
powder image to the copy sheet. The fuser roll is inter-
nally heated by a quartz lamp.

After fusing, the.copy sheets are fed through a de-
curler 52. Decurler 52 bends the copy sheet in one
direction to put a known curl in the copy sheet and then

bends it in the opposite direction to remove that curl.

Forwarding rollers-54 then advance the sheet to du-
plex turn roll 56. Duplex solenoid gate 58 guides the
sheet to the finishing station F or to duplex tray 60. At
fimishing station F, copy sheets are stacked in a compiler
tray and attached to one another to form sets. When
duplex copies are desired, solenoid gate 58 diverts the
sheet into duplex tray 60. The simplex sheets in tray 60
are fed, in seriatim, by bottom feeder 62 from tray 60
back to transfer station D via conveyor 64 and rollers 66
for transfer of the toner powder image to the opposed

sides of the copy sheets.

Copy sheets 67 are fed to transfer station D from the
secondary tray 68. The secondary tray 68 includes an
elevator to raise and lower the tray. When the tray is in
the down position, stacks of copy sheets are loaded

thereon or unloaded therefrom. In the up position, suc-

cessive copy sheets may be fed therefrom by sheet
feeder 70. Sheet feeder 70 is a friction retard feeder
utilizing a feed belt and take-away rolls to advance
successive copy sheets to transport 64 which advances
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the sheets to rolls 66 and then to transfer station D.
Copy sheets may also be fed to transfer station D from
the auxiliary tray 72 or from a high capacity feeder 76,
the later serving as the prunary source of copy sheets
67. |
Invariably, after the copy sheet is separated from the
photoconductive belt 10, some residual particles remain
adhering thereto. After transfer, photoconductive belt
10 passes beneath dicorotron 94 which charges the
residual toner particles to the proper polarity. Thereaf-
ter, light from lamp 39 is impinged on belt through fiber
optic light pipe 87 to discharge the photoconductive
belt in preparation for the next charging cycle. Residual
particles are removed from the photoconductive sur-
face at cleaning station G. Cleaning station G includes
an electrically biased cleaner brush 88 and two de-ton-
ing rolls 90 and 92, i.e. waste and reclaim de-toning
rolls. The reclaim roll is electrically biased negatively
relative to the cleaner roll so as to remove toner parti-
cles therefrom. The waste roll is electrically biased

6
132, 133, 134 via SL 125. Disk 117 preferably comprises
two platter, four head disks with a formatted storage
capacity of approximately 20 megabytes. Additional
ROM, RAM, and NVM memory types are resident at
various locations within machine §, with each core
PWB 130, 131, 132, 134 having a boot ROM 139 for
controlling downloading of Operating System software

to the PWB, fault detection, etc. A NVM 167 1s pro-

- vided in UI core PWB 130. Boot ROMs 139 also enable

10

15

20

positively relative to the reclaim roll so as to remove

paper debris and wrong sign toner particles. The toner
particles on the reclaim roll are scraped off and depos-

ited in a reclaim auger (not shown), where 1t 1s trans-
ported out of the rear of cleaning station G.

Referring to FIG. 4 also, an Electrostatic Voltmeter
(ESV) 100 is provided downstream of imaging station B
to read charge levels on photoreceptor belt 10. A patch
generator 102 which comprises an LED downstream of
ESV 100 serves to expose 2 box-like area or patch 104
on the charged belt 10 in the interdocument area 105
between the latent electrostatic images 106 formed on
belt 10. An Inter Document (ID) lamp 108, which com-
prises a multi-segment LED light bar 110 spanning the
width of belt 10 is provided downstream of dicorotron
24. The center segment 111 of bar 100 is independently
regulated to permit segment 111 to be activated sepa-
rately from 110 as will appear. A photocontrast lamp
112 is provided for tonal reproduction of continuous
tone originals. An infrared densitometer 113 (referred
to also as Density Sampled Sensor or DSS) is provided
upstream of transfer station D, densitometer 113 being
positioned so as to scan and read the developed density

of patch 104 as well as special image patches developed
on belt 10 during setup and servicing of machlne § as

will appear.

Referring to FIG. 3, operation of the various compo-
nents of machine 5 is regulated by a control system
which implements Operating System software stored in
memory 115 to operate the various machine compo-
nents in an integrated to produce copies. The control
system includes a plurality of printed wiring boards
(PWBs), there being a Ul core PWB 130, an input Sta-
tion core PWB 131, a Marking Imaging core PWB 132,
a Paper Handling core PWB 133, and a Finisher Binder
core PWB 134 together with various Input/Output

(1/0) PWBs 138. A Shared Line (SL) 12§ couples the

core PWBs 130, 131, 132, 133, 134 with each other and
with memory 115 while local buses 140 serve to couple
the I/0O PWBs 138 with each other and with their asso-
ciated core PWB. Programming and operating control

over machine 5 is accomplished through touch dialogue

screen 12 of UI 11,
Memory 115 includes a main memory in the form of

a hard or rigid disk 117 on which the machine Operat-
ing System is stored. On machine power up, the Operat-
ing System is loaded from memory 115 to Ul core PWB
130 and from there to the remaining core PWBs 131,
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transmission of Operating System software and control
data to and from PWBs 130, 131, 132, 134 via SL 125

and control data to and from I/O PWBs 138 via local
buses 1440.
A floppy disk port 116 program loading access to

memory 115 for the purpose of entering changes to the
Operating System, loading specific programs such as

‘diagnostic programs, retrieving stored data such as

machine faults, etc. using floppy disks 119. Port 116
includes a suitable read/write head 118 for reading
and/or writing from and to a disk 119 in port 116."
Floppy disks 119 preferably comprise 3.5 inch, dual
sided micro disks with a formatted storage capacity of
approximately 720 kilobytes.

Referring to FIGS. 2, 4 and §, an initialization proce-
dure is performed by the control system whenever ma-
chine 10 is initially powered on or whenever a machine
setup program is performed. This is evident from the
message (Please Wait-Adjusting Copy Quality) that
appears on screen 12 when Start 1s pressed. During the
initialization procedure, the voltage on uncharged belt.
10 is measured by ESV 100, the reflectance of a clean
patch 104 is measured for use in calibrating densitome-
ter 113, the AC voltage setpoint of charge dicorotron 22
is adjusted, the charge voltage of patch 104 in selected
ID zones 2, 4, and 6 is measured by ESV 100 and the

ESV offsets for zones 2 and 6 calculated, and the photo-

receptor dark decay is obtained and the dark decay
intercept parameter Dy calculated.

Referring particularly to FIG. 6, for the first step of
the initialization procedure (Measure the ESV Monitor
Voltage for an uncharged PR Belt), it is understood that
ESV 100 has a built-in nominal offset voltage (referred
to as ESV g4sg) due to internal power supply circuitry.
During initialization, the control system takes several
readings of the uncharged belt to obtain ESV monitor
voltage ESV p4se. During normal operation, the con-
trol system subtract the ESV offset voltage ESV p4sE
from any current ESV voltage reading in order to accu-
rately determine the charge on belt 10.

Referring to FIGS. 4 and 7, to calibrate densitometer
113, a number of revolutions of belt 10 are made and the
reflectance of a clean (i.e., undeveloped) patch 104
measured. Using this measurement, the internal gain of
densitometer 113 is adjusted in order to produce a pre-
set output voltage VDC to the control system.

Referring particularly to FIG. 8, during initialization,
the -control system adjusts the ac voltage on charge
dicorotron 22 until the charge ratio, which 1is the cur-
rent on shield 23 divided by the bias on the shield, 1s
within a set range of a predetermined value stored In
NVM 167. The ac voltage is applied to the coronodes
21 of all dicorotrons 22, 24, 40, 42, and 94.

Referring to FIGS. 4 and 9, ESV 100 measures the
charge voltages on a clean patch 104 in selected ID
zones (identified here as zones 2, 4, 6) to determine the
ESV offsets. Using the reading in one zone, 1.e. ID zone
4, as the standard, the control system calculates the
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differences (i.e., offset) between ID zones 2 and 4 and
between zones 4 and 6.

Referring to FIGS. 2 and 10 and 11, the control sys-
tem measures the dark decay of photoreceptor 10 to set
the bias voltage on shield 23 of dicorotron 24. In order
to adjust the charge as accurately as possible, the con-
trol system measures the dark decay for two different
values of shield bias, a high charge dark decay bias (V)
and a low charge dark decay bias (V). The control
system uses these two values to calculate a parameter
called the dark decay intercept (D). Later, during nor-
mal operation, the control system uses intercept Dy
along with readings from ESV 100 to determine the bias

for shield 23 of dicorotron 22 for each of the different
machine copy modes.

As can be seen from FIG. 10, where belt 10 is new,
photoreceptor dark decay is substantially constant re-
gardless of the bias on shield 23 within the range of the
shield bias that the control system typlcally operates. As
belt 10 ages, dark decay starts to increase and the bias
on shield 23 increases to compensate for the increasing
dark decay. As belt 10 continues to age, the slope of the
curve shown in FIG. 10 increases.

In order to set the bias on shield 23 of dicorotron 24
as quickly and as accurately as possible for the different
machine copy modes, the control system must be able to
anticipate or predict the amount of dark decay that will
occur for a given shield bias. The control system uses
the dark decay 1nterc<apt Dy to predict the amount of
dark decay for a given shield biases.

When the value of the bias on shield 23 of dicorotron
24 reaches a predetermined maximum level, a message
(PHOTORECEPTOR NEAR END OF LIFE) is dis-
played on screen 12 of UI 11.

Referring to FIG. 11a, the control system also moni-
tors the relationship between the bias on shield 23 of
dicorotron 22 and the bias on shield 23 of dicorotron 24.
Based on this relationship, the control system calculates
a value of shield bias for dicorotron 22 that if reached
will initiate a charge sharing operation in which a part
of the initial charge on photoreceptor 10 is provided by

dicorotron 24. This ensures that the bias on shield 23 of
dicorotron 22 1s not operated at an extremely high level.

PRE-FLASH

Referring particularly to FIG. 2, during normal oper-
ation, the charge on capacitors 35 of flash lamps 30 is
raised to a minimum level prior to operation of preflash
lamp 29. After preflash occurs with the document on
platen 28, the charge on capacitors 35 is, where appro-
priate, raised to their final level and the main flash ex-
posing the document occurs. The flash reference volt-
age that determines the minimum charge level of capac-
itors 1s calculated from certain operating parameters,
1.e., the magnification setting, the exposure level, an
Ilumination Power Supply (IPS) calibration value from
NVM 167, an age factor, and a preflash preset that
corresponds to the minimum light required.

Referring also to FIG. 12, a preflash setup procedure
1s provided to obtain the preflash preset for various
magnification levels. This procedure is used under cer-
tain operating circumstances, i.e., when the preflash
PWB 1s replaced, sensor 31 is replaced, illumination
power supply 1s replaced, etc. This setup procedure
measure the preflash reflectance with white paper on
platen 28 for various magnification positions of optics
32. The preflash presets that are obtained are thereafter
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used to determine the initial charge that is placed on
flash capacitors 35.

XEROGRAPHIC SETUP

The xero setup is performed when certain xero-
graphic components such as belt 10, developer 33, ESV
100, densitometer 113, patch generator 102, flash lamps
30, etc., are replaced. The xero procedure is also per-
formed if the afore-described preflash setup is per-
formed. |

Referring also to FIG. 13, in this procedure, the high
(VrC) and low (V) contrast voltages and the devel-
oper bias (Dp) for each of the machine copy modes are
adjusted. Also, the intensity of ID lamp 108 is calibrated
with the intensity of flash lamps 30, and the output
intensity of a photocontrast lamp 112, the toner concen-
tration, and the output intensity of patch generator 102
are adjusted.

For this setup, a special xerographic test pattern is
placed on platen 28. As shown in FIG. 13, and referring
also to FIG. 14, the pattern provides five images 150,
152, 154, 156, 158 of varying density for reading by
ESV 100 following exposure on belt 10.

To calibrate the output intensity of ID lamp 108 to
the output intensity of flash lamps 30, the control system
compares the voltage reading from ESV 100 of patches
104 in the ID zones, representing the background volt-
age following exposure and discharge by ID lamp 108,
to the voltage reading that corresponds to image 152
from a test pattern, representing the background volt-
age following exposure and discharge by flash lamps 30.
Using this information, the control system varies the
reference voltage of ID lamp 108 until the ESV read-
ings are equal.

Referring to FIG. 15, for a normal background volt-
age Vn, the exposure intensity of ID lamp 108 can be
changed without much if any change in the resulting
voltage of belt 10. This is because belt 10 has been dis-
charged as low as it is going to go. If adjustment was
made at this background voltage, there could be a sig-
nificant error in the setting of the ID lamp intensity.
The purpose of the adjustment to ID lamp exposure
Intensity 1s to be sure that when the optics flash intensity
1s changed throughout the copy modes, the exposure
intensity of ID lamp 108 is set to match the flash lamp
intensity. For higher voltages on belt 10, i.e. Vg, the
photoreceptor background voltage changes signifi-
cantly with changes in exposure intensity. By temporar-
ily adjusting the optics flash to give a background volt-
age of Vg, and calibrating the ID lamp 108 at this tem-
porary background voltage, adjustment of the exposure
intensity of ID lamp 108 is performed more accurately.

Age factor is a variable in the determination of the
voltage applied to the flash lamp capacitors 37. Age
factor is an indication of the age of flash lamps 32 and
the exposure characteristics of photoreceptor belt 10.
Essentially, the age factor increases with the age of
lamps 32. If the age factor is decreased, the light output
from flash lamps 32 is decreased; if increased, the light
output is increased. -

After the intensity of ID lamp 108 is adjusted, the

- ESV offsets (FIG. 9) and the dark decay measurements

(F1G. 11) of the initialization procedure are repeated.
This 1s because light (referred to as ID stray light) from
the front and rear segments of ID lamp 108 can affect
the voltage of patch 104. Typically, the higher the in-
tensity of lamp 108, the more the effect from ID stray
light. If there is enough ID stray light, the ESV offset
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and Dark decay measurements may not be accurate and
therefore these measurements are repeated.

The appearance of the output copy 1s determined
primarily by the fuser function, transfer function, toner
concentration, and electrostatics. Fuser function deter-
mines how well the image is fixed to the paper and the
gloss level of the image while transfer function deter-
mines how much of the image is transferred from belt 10
to copy sheet 67. Toner concentration must be set to
prevent image defects such as solid area deletions with-
out excessive background while keeping toner con-
sumption as low as possible. Essentially, fuser, transfer,
and toner functions are fixed parameters and do not
change with changes in machine operating modes.

Electrostatics relates to the levels of the image and

background voltages on belt 10, and the developer bias.
In order to change the appearance of the output copy,

the charge, the exposure, and the developer bias are
changed, depending upon the copy mode selected. The
control system automatically sets the parameters for the

electrostatics for each copy mode.
When a document 25 on platen 28 is exposed at a
fixed level by flash lamps 30, the amount of light re-

flected off the document to discharge belt 10 depends
on the density of the image. The magnitude of the volt-

age on belt 10 after exposure depends upon the initial
charge, the exposure intensity, and the discharge char-
acteristics of the individual belt. As seen in FIG. 16, the
voltages on belt 10 are not linear with respect to the

density of the image on platen 28.

Referring particularly to FIG. 13, for each of the
various copy modes of which machine § is capable,
specific contrast voltages and developer biases for the
mode selected are required. A high contrast voltage
Ve is equal to the ESV reading of the high density
tmage 154 of the test pattern minus the ESV reading of

the background image 152 while a low contrast voltage
Vic is equal to the ESV reading of the low density

image 156 minus the background image 152. Once the
control system adjusts the initial charge on belt 10 and

the flash lamp intensity to produce the contrast voltage
specifications, the developer bias requirements are cal-
culated based on the ESV reading of background image

152.
For adjusting purposes, two values, referred to as

copy lines (CL) and copy solids (CS) are used. CL 1s a
number representing the optics flash exposure which
primarily affects low contrast voltage Vc.CS 1s a num-
ber representing the charge on belt 10 which primarily
affects high contrast voltage Vyc. A third value, copy
tones (CT), represents the intensity of the photocontrast
lamp 112. The numbers used for these values depends
upon the copy mode selected.

From FIGS. 17 and 18, it can be seen that the control
system using these numbers must produce an exposure
(EXP) setpoint and a dark dusting target (VDDP) set-
point that will produce the correct contrast voltages for
each copy mode.

STANDARD MODE SETUP

Referring to FIG. 19, one copy mode of machine 5,
the standard mode, is used for most normal copy jobs.
In setting up this mode, the control system adjusts the
age factor and the shield bias of dicorotron 24 until the
high contrast voltage V gc.s7pand low contrast voltage
Vic.sTp are within a predetermined desired range for
that mode. With the contrast voltages Vgc.stp and
V rc.sTp set, the machine is cycled and ESV 100 mea-
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sures the voltage on patches 104 to determine the dark
dusting target (VDDP) setpoint.

For this mode, the copy line (CL) value 1s § while the
copy solid value (CS) is 11. As shown in FIG. 18, these
values represent a predetermined exposure setpoint
EXPsrpand a dark dusting target voltage (VDDPs7rp)
that is dependent on the photoreceptor. If machine 5 1s
run in this mode, an EXP setpoint of EXPsrp and a
Dark dusting target of VDDPsrp would be obtained.
This provides a high contrast (V gc.sTp) between 1m-
ages 154 and 152 (FIG. 10) on the image frame and a
low contrast (Vic.sTp) between images 156 and 152.
The value of the developer bias on developer rolls 34,
36 (FIG. 2) would be Vcr-sTp@4,36) higher than the
value of image 152 in the image frame and the value of

the developer bias on developer roll 38 would be VL.
sTD(38) higher than the value of image 152 in the image

frame.

HALFTONE MODE SETUP

Referring to FIG. 20, for another copy mode, 1.e., the
halftone mode, the control system adjusts the exposure
setpoint and the shield bias of dicorotron 24 until the
high contrast voltage Vgc.grand low contrast voltage
Vic.yT are within a predetermined desired range for
that mode. With the contrast voltages Vyc.yr and

Vi c.HT set,. the machine is cycled and ESV 100 mea-
sures the voltage on patches 104 to determine the dark

dusting target (VDDP) setpoint. For this mode, the
copy line (CL) value is 10 and the copy solid (CS) value
is 6. As shown in FIG. 21, these values represent a
predetermined exposure (EXP) setpoint of EXPsrpand

a dark dusting target voltage (VDDPs7p) that 1s depen-
dent on the photoreceptor. If machine § is run in this

mode, an EXP setpoint of EXPs7pand a Dark dusting
target of VDDPsrpwould be obtained. This provides a
high contrast (Vyc.yr) between images 154 and 152
(FIG. 10) on the image frame and a low contrast (V-
HT) between images 156 and 152. The value of the de-
veloper bias on developer rolls 34, 36 (FI1G. 2) would be
V cL-HT34,36) higher than the value of image 152 1n the
image frame and the value of the developer bias on
developer roll 38 would be Vr.g738) higher than the

value of image 152 in the image frame.
The control system now has two points on both the

copy lines and the copy solids graph (FIG. 21). To
confirm that the correct setpoints are obtained, the
control system uses the following formulas.

EXP setpoint = EXP min+[EXPinc x _
(15-E)]+ F(M)—128], I
where
E is the value of the copy lines (CL) scale;
F(M) is the fine adjustment variable (not needed in the
standard or halftone mode);
EXPmin is the minimum value of the exposure setpoint
(15 on the copy lines scale); and
EXPinc is the increment of how many numbers away

from 1§ is the present value.

The formula that determines the dark dusting target
(VDDP) setpoint is:

VP setpoint= VDDPmin + [VDDPinc
x(—1)]+[C(M)—128]
where
D is the value on the copy sohids (CS) scale;
C(M) is a fine adjustment variable (not needed in stan-
dard or halftone mode);

11
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VDDPmin is the minimum value of the VDDP setpoint

(a value of | on the copy solids scale); and
VDDPinc 1s the increment of how many numbers away

from 1 is the present value.

If the exposure (EXP) setpoint needed for the correct
contrast is not the same as the initial calculated EXP
setpoint, the control system adjusts the F(M) variable
for that mode until the calculated EXP setpoint equals
the setpoint needed for correct contrast. Likewise, if the
VDDP setpoint needed for correct contrast is not the
same as the initial calculated VDDP setpoint, the con-
trol system adjust the C(M) variable for that mode until
the calculated VDDP setpoint equals the setpoint
needed for correct contrast.

Remaining copy modes of machine § such as dark
originals, light originals, etc. are similarly determined
with the control system using selected copy line (CL)
and copy solid (CS) values and formulas I and II to
calculate the exposure (EXP) and the dark dusting tar-
get (VDDP) setpoints as well as developer biases. Then
the control system measures and sets the contrasts as
described. For photo mode, the additional step of ad-
justing the intensity of photocontrast lamp 112 is carried
out.

TONER CONCENTRATION SETUP

The percentage of toner in the developer is the toner
concentration. The purpose of this setup procedure is to
ensure that the toner concentration is high enough to
prevent image defects such as solid area deletions, and
yet low enough to prevent the development of back-
ground on the copies. It is also desirable to keep the
toner concentration low so that the customer gets the
maximum number of copies from the toner.

Referring to FIGS. 22-26, the two parameters that
determine the reading of densitometer 113 of the devel-
oped patch 104 are the toner concentration and the
development voltage of patch 104. The development
voltage of patch 104 is equal to the patch voltage minus
the developer bias voltage. In this setup procedure, the
developer bias voltage is set to the standard mode level
of Vcr-sTD(34,36) above the background voltage. Patch
generator 102 1s switched off, and the charge by dicoro-
trons 22, 24 adjusted to create a known, fixed develop-
ment voltage of VDDP7rc. The control system then
controls toner dispenser motor 76 to add, then deplete
the tone until the reading of the image developed on
patch 104 by densitometer 113 is within a preset specifi-
cation at which the toner concentration is correct.

Flash lamps 30 are disabled during this setup so that
there is created a image with a dark vertical band 160
down the center from exposure by ID lamp 108. The
densitometer reading of the band 160 must always ap-
proach the target reading of T from a lower (i.e. over-
toned) value. Toner dispenser motor 67 is off at this
time to ensure that the toner in developer housing 33 is
mixed completely.

Referring to FIGS. 23 and 24, if the initial reading by
densitometer (DSS) 113 is below T+2, ID lamp 108

produces the copies with a large (i.e., wide) dark verti- 60

cal band 162. Toner dispenser motor 67 is switched off
until the toner concentration decreases to produce a
densitometer reading greater than T 30 5. At this point,
densitometer (IDSS) 113 is re-calibrated to ensure that if
the machine was overtoned, densitometer 113 is now
calibrated to a clean photoreceptor belt 10. ID lamp 108
now produces the copies with small band 160 and motor
67 1s switched on to increase the toner concentration.
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When the densitometer (DSS) reading is below T (see
FIG. 23), motor 67 is switched to a duty cycle that
while still increasing the toner concentration, adds
toner more slowly. This continues until the densitome-
ter (DSS) reading is below T—1. Motor 67 is then
switched off and the copies with band 160 slowly de-
crease toner concentration until the densitometer read-
ing 1s within specification of T.

Referring to FIGS. 27 and 28, in order to control the
toner concentration, the output intensity of patch gen-
erator 102 must be calibrated so that patch 104 is always
developed at VDDPrc. As change is made from one
copy mode to another, the value of the dark dusting
voltage and the developer bias voltage changes. If patch
104 1s always developed at VDDPr¢, regardless of the
charge or the developer bias, any changes in the reading
of DSS 113 must be due to a change in toner concentra-
tion. The control logic then control toner dispenser
motor 76 as required.

During this setup, the developer bias stays constant at
V cL-sTD(34,36) above the background voltage. Then, for
two values of the charge, the control logic adjusts the
input voltage to patch generator 102 until the output
Intensity produces a patch development voltage of
VDDPrc. The two values of the charge are a high
charge (1.e., a standard mode value of 11 on the copy
solids scale) and a low charge (i.e., a value of 3 on the

‘copy solids scale).

ESV 100 1s not used to measure the patch voltage
during this setup. Instead, the control logic uses DSS
113 to determine when the patch development voltage:
1s VDDTrc With the charge at a given value, if the
input voltage to patch generator 102 is adjusted until
the reading by DSS 113 of the developed patch 104
again reads T, then the patch development voltage must
be VDDP7rc because the toner concentration remains
constant. The average DSS value is the average of the
individual patch reads.

When the input voltage is established for two mea-
surement points, the control logic can calculate the

required input voltage for any value of the charge or the
developer bias.

While the invention has been described with refer-
ence to the structure disclosed, it is not confined to the
details set forth, but is intended to cover such modifica-
tions or changes as may come within the scope of the
following claims.

We claim: |

1. A process for setting up the xerographic system of
an electrostatographic reproduction machine having
different operating modes for processing different
image types, said machine including a photoreceptor,
corona means for charging said photoreceptor in prepa-
ration for imaging, exposure means for exposing said
charged photoreceptor to produce latent electrostatic
images on said photoreceptor, and developer means
including at least one magnetic brush for developing
said latent electrostatic images, comprising the steps of:

a) for a first of said modes;

1) adjusting bias on said corona charging means
and the intensity of said exposure means:;

2) generating variable density test images on said
photoreceptor, said test images including a firs
test image representative of image background
levels, a second test image representative of a
relatively high image density, and a third test

image representative of a relatively low image
density;
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3) measuring the potentials of said image test im-
ages generated on said photoreceptor;

~ 4) comparing the potentials of said first test image

~ and said second test image with one another to
obtain a predetermined high contrast voltage;

5) comparing the potentials of said first test image
and said third test image with on€ another to
obtain a predetermined low contrast voltage;

6) repeating steps 1-5 until predetermined high and
low contrast potentials are obtained;

7) generating additional test images on said photo-
receptor;

8) measuring the potentials of said additional test
images to determine the developer means bias
requirements for said developer means;

9) using said developer means bias requirements,
determining the developer bias setting for said
magnetic brush; and

b) repeating steps 1-9 for each of the rematning ones
of said operating modes whereby to set up satd
machine for optimized processing of images in each
of said operating modes.

2. A process for setting up the xerographic system of
a multi-mode electrostatographic reproduction ma-
chine, said machine having a photoreceptor, corona
means for charging said photoreceptor in preparation
for imaging, exposure means for exposing said charged
photoreceptor to produce latent electrostatic images on
said photoreceptor, and developer means including at
least one magnetic brush for developing said latent
electrostatic images, comprising the steps of: |

a) adjusting bias on said corona charging means and
the intensity of said exposure means;

b) operating said xerographic system to generate
image test patches representative of image back-
ground and relatively high density and relatively
low density images on said photoreceptor;

c) measuring the potentials of said image test patches
generated on said photoreceptor;

d) comparing the potentials of said image background
and said relatively high density images with one
another to obtain a high contrast voltage;

e) comparing the potentials of said image background
and said relatively low density images with one
another to obtain a low contrast voltage;

f) repeating steps a-e until predetermined high and
low contrast potentials are obtained;
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g) operating said xerographic system to generate
additional test image patches on said photorecep-
tor; |

h) measuring the potentials of said additional image
patches;

i) from the potentials obtained in step h, determining
the developer means bias requirements for said
developer means; and

j) from the developer means bias requirements ob-
tained in step i determining the developer bias to be
applied to said magnetic brush. | |

3. A process for setting up the xerographic system of

a multi-mode electrostatographic reproduction ma-
chine, said machine having a photoreceptor, corona
means for charging said photoreceptor in preparation
for imaging, exposure means for exposing said charged
photoreceptor to produce latent electrostatic images on
said photoreceptor, and developer means including at
least one magnetic brush for developing said latent
electrostatic images, comprising the steps of:

a) adjusting bias on said corona charging means and
the intensity of said exposure means;

b) generating variable density test images on said
photoreceptor, said test images including a first test
image representative of image background levels, a
second test image representative of a relatively
high image density, and a third test image represen-
tative of a relatively low image density;

c) measuring the potentials of said image test images
generated on said photoreceptor;

d) comparing the potentials of said first image and
said second test image with one another to obtain a
predetermined high contrast voltage;

e) comparing the potentials of said first test image and
said third test image with one another to obtain a
predetermined low contrast voltage;

f) generating additional test images on said photore-
ceptor;

g) measuring the potentials of said additional test
images to determine the developer means bias re-
‘quirements for said developer means; and

h) using said developer means bias requirements,
determining the developer bias for said magnetic
brush; and

i) applying the developer bias from step h to said

magnetic brush.
* x * * X
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